Kalani and Zabramski provide the best estimates of the risk for symptomatic hemorrhage of a cerebral cavernous malformation (CCM) during pregnancy. 9 They identified 168 pregnancies among 64 women in a prospectively collected database. The end point was symptomatic hemorrhage defined as new or worsening seizures or a change in neurological condition. There were 5 events (4 seizures and 1 neurological change), amounting to a 3% risk of hemorrhage per pregnancy. When considering the sporadic and familial types separately, the risk was 1.8% per pregnancy in sporadic CCMs and 3.6% per pregnancy in familial CCMs, suggesting a different risk in these situations, although the numbers are small. Notably, 149 pregnancies (89%) were delivered vaginally with no reported problems. No woman died, and it is not clear if there was any substantial permanent morbidity from the symptoms they experienced during pregnancy. Outcomes in the children are not mentioned. It is also interesting to note that among the 4 patients with symptoms, there were 11 pregnancies, 5 of which were associated with symptoms. Thus, even within this subgroup, the chances of symptoms were less than 50%.
The authors challenge opinions that the risk of hemorrhage from a CCM is higher during pregnancy 15, 17 and conclude that, in fact, this risk is not increased during pregnancy. There is no necessity for cesarean section, and vaginal delivery seems safe.
Why would the risk of hemorrhage be higher during pregnancy? Perhaps because of hemodynamic changes during pregnancy. Blood volume increases in pregnancy, peaks at 32 weeks, and remains elevated until delivery. 4 Hematocrit falls slightly and systemic vascular resistance decreases, resulting in a decreased systolic blood pressure until midpregnancy. Blood pressure and vascular resistance tend to normalize around term. Cardiac output also increases 30%-50% over prepregnancy values, peaking at about 20-24 weeks. There are marked changes during labor, including greater increases in cardiac output and blood pressure and increases in intracranial pressure during contractions. 12 Most serum coagulation and thrombolytic factors increase, although there is no overall major change in routine clotting assays. Tidal volume and minute ventilation increase with unchanged vital capacity and compliance but decreased PCO 2 and functional residual capacity. Many hormones change, including estrogen, progesterone, human chorionic gonadotropin, and relaxin, some of which are known to exert effects on connective tissue and the vasculature. 4 What effects these changes might have on CCMs seem to be speculative at this point. Unlike in aneurysms and arteriovenous malformations (AVMs), the hemodynamic changes might be expected to be less important given that studies measuring the pressure in CCMs during surgery found relatively small changes in pressure when the blood pressure was changed. 11 Thus, the basis for an effect of pregnancy and delivery on CCMs, if any exists, remains theoretical at this point.
What are some of the limitations of their report? The numbers of events and patients are quite small, so the confidence interval for the 3% risk of hemorrhage during pregnancy is wide (my calculation, probably incorrect, put the 95% CIs from about 0% to 7%). The definition of hemorrhage included seizures without any imaging evidence of hemorrhage, so the estimates may represent a worst-case scenario. We do not know whether anticonvulsants were stopped, for example, during pregnancy, so that some of the events were just seizures and not hemorrhages. Seizures due to toxemia could occur and are more common than CCM-related seizures overall. In any case, including seizures leads to an estimate that should be on the high side.
The hemorrhage rate during pregnancy was compared with those in noncontemporaneous studies of other patients in the literature rather than with the rate in a simultaneously collected cohort. Yearly rates of hemorrhage in these studies ranged from 1.3% to 4.2% per year, depending on the definition of hemorrhage and assumptions about when the CCM arose during a patient's life. The risk was slightly higher in familial type cases, regardless of pregnancy. We also do not know how these patients got to the Barrow Neurological Institute. It is unlikely that the authors' sample is population based, so while these data are the best we have now, they do have some limitations from a strict epidemiological point of view.
One thing that was interesting was another report from the Barrow Neurological Institute that mentions in its Discussion that 7 of 62 patients with brainstem cavernous malformations had hemorrhages during pregnancy. 14, 18 I was not able to determine if these 7 patients were included in the current series.
Overall, the authors' findings seem consistent with my clinical impressions and the literature. There are more reports of aneurysm and AVM rupture during preg-nancy. Roughly calculating, one can estimate the prevalence of CCM, brain AVM, and cerebral aneurysm as 0.4%, 0.018%, and 2.3%, respectively (the last rate will be lower in young women of childbearing age). 1, 22 If the risk of hemorrhage were the same during pregnancy, then we would expect the most common source of hemorrhage in pregnancy to be aneurysm, followed by CCM and then AVM. The lower number of reports on CCMs "fits" with a lower risk.
Intracranial hemorrhage in pregnancy is uncommon. In 9 papers including pregnant women between the years 1945 and 2001, there were 63 intracranial hemorrhages in 1,240,058 pregnancies, for a bleeding frequency of 1 case in 19,683 pregnancies (range from 1 case in 3900 pregnancies to 1 case in 34,358 pregnancies). 3, [5] [6] [7] [8] 10, 13, 20, 21 In a study that excluded subarachnoid hemorrhage, there were 16 intracerebral hemorrhages in 348,295 deliveries between 1989 and 1991, for a risk of 4.6 cases per 100,000 deliveries or 6 cases per 100,000 patient-years. 19 Etiologies were eclampsia (7) , AVM (2), CCM (2), aneurysm (2), and undetermined (3) . Four patients died, although none because of a documented CCM. Other authors have found similar rates of intracranial hemorrhage with few deaths. 21 Looked at another way, maternal death is rare during pregnancy and the puerperium, and intracranial hemorrhage due to a vascular malformation or aneurysm is an uncommon cause of it. Berg et al. 2 found a pregnancy-related mortality rate of 9 cases/100,000 live births for the years 1987-1990. The most common causes of death were obstetrical hemorrhage, embolism, and pregnancyinduced hypertension. Less than 10% of pregnancy-related deaths were attributable to intracranial hemorrhage.
More people have departed from this world during the act of conception than ever will from a CCM-and certainly from rupture of a CCM during pregnancy. 16 Until further data become available, the authors' conclusions seem reasonable; women with CCMs should not worry unduly about pregnancy, nor should their obstetricians alter the course of delivery because of the presence of an asymptomatic CCM. 
